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INTRODUCTION 
Although trace amounts of many metals are e s s e n t i a l to l i f e 
and growth of organisms, at high concentration they may become 
toxic. From an ecological standpoint i t i s necessary to know not 
only the levels which are l e t h a l , but also those resulting i n sub-
l e t h a l e f f e c t s such as changes in morphology, growth rate, and 
behaviour. Since marine invertebrates are exposed to pollutants 
by a variety of routes, and are also of importance to Man as food, 
i t has been suggested that they should be used to monitor^Heavy 
^,Metal contaminants in the marine environment. 
Problems a r i s e i n deciding which organism or parts of 
organisms to choose for analysis, so that contamination l e v e l s may 
be compared amongst different geographical locations. Further 
problems concern the number and type of animals which should be 
sampled at each location to obtain r e l i a b l e indications of contam-
ination l e v e l s , and the position of the sampling s i t e s in the 
i n t e r t i d a l or s u b - l i t t o r a l zone. Some of these problems are considered 
in t h i s dissertation. 
Aquatic organisms may acquire,Heavy Metals by absorption from 
solution through skin, g i l l s and digestive t r a c t , from particulate 
matter (ingested p a r t i c l e s of food or the sediment in which they 
l i v e ) , or by both routes. Thus for monitoring purposes, species 
should be chosen with regard to thei r feeding habits: f i l t e r feeders 
such as the lamellibranchs e.g. Mytilus spp must be submerged to 
feed and therefore have more opportunity to absorb metals from 
solution than particulate feeders which often l i v e at higher t i d a l 
l e v e l s where they can feed even when the tide has receded. Generalist 
Reeders such as the polychaete Nereis diversicolor may absorb heavy 
metals from the sediment either through the i r c u t i c l e or from 
ingested particulate matter. 
A number of factors other than concentrations in the sea 
and sediment affect heavy metal uptake and accumulation in a marine 
invertebrate: the quantities acquired and concentrations reached 
may vary with body s i z e and hence age, as found by Boyden (1974) 
for Mytilus and Mackay et a l (1975) for Crassostrea commercialis. / 
The position of an animal i n the i n t e r t i d a l zone affects not only 
the period of immersion, but also the f i l t r a t i o n rate as found 
by Segal et a l (1953). Mytilus taken from s u b - l i t t o r a l s i t e s 
f i l t e r e d f a s t e r than those from higher i n t e r t i d a l l e v e l s . Rates of 
water transport also varied between populations of the same species 
taken from different latitudes. Obviously the heavy metal con-
centrations in the surrounding medium w i l l determine the potential 
maximum levels i n the t i s s u e s . However, the concentrations of some 
metals appear to be regulated in some aquatic animals by the 
regulation of the rates of absorption or of excretion. Bryan and 
Hummerstane (1973) present r e s u l t s which suggest that the concentration 
of Zinc can be regulated by Nereis diversicolor whilst that of Cadmium 
cannot. Of course the l e v e l of contamination of the surrounding 
aquatic medium may not be constant with time, or for a species which 
i s mobile. Seasonal alterations i n the rate of growth may r e s u l t i n 
d i f f e r i n g concentrations of a given metal in the same animal within 
a short time; in particular a sudden spurt of growth could cause a 
reduction in t i s s u e concentrations. 
In monitoring heavy metal contamination, previous studies have 
tended to overlook the effect of these variables, but unless they are 
taken into account, comparisons between areas or dates may be 
meaningless. In most published papers, s i z e s or ages of animals 
analysed have not been quoted, nor l i m i t s of v a r i a b i l i t y estimated. 
Again, i t i s often not clear whether single animals or pooled 
samples have been analysed. This r a i s e s the problem of choosing 
representative samples from each study area. Variation within a 
population as a resul t of factors such as those outlined above 
makes i t desirable for samples to be taken from different t i d a l 
l e v e l s and different age groups, at each s i t e , for comparison with 
other s i t e s . 
The aims of t h i s study were threefold: F i r s t , to make rigorous 
and detailed comparisons between^Heavy,-Metal concentrations i n 
animals from a polluted and a much l e s s polluted s i t e . This required 
( i ) determination of appropriate sample s i z e s to give accurate 
estimates of mean contamination level s at each s i t e , and ( i i ) i n v e s t i -
gation of the influences of t h e i r location i n the i n t e r t i d a l zone 
on level s of metals accumulated. The animals chosen were Mytilus 
edulis, a s e s s i l e f i l t e r feeder, and Nereis diversicolor, a more 
mobile scavenger and predator, and c h i e f l y a feeder on particulate 
matter. Second, to investigate morphological c h a r a c t e r i s t i c s and 
growth i n Mytilus edulis at different s i t e s , since comparison of 
contamination l e v e l s in animals from different areas could be made on 
the basis either of animals of the same age but different s i z e s and 
weight, or of the same weight but different ages. Third, to carry 
out preliminary transplantation experiments with Nereis between 
polluted and r e l a t i v e l y unpolluted s i t e s , to look for any indication 
of the development of resistance to heavy metal t o x i c i t y i n animals 
from the polluted s i t e . 
The study involved c o l l e c t i o n of animals from three areas: 
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1. Seaton Carew (Fig, l a ) 
This small holiday resort on the Durham coast l i e s about three 
miles south of Hartlepool and two miles North of the Mouth of the 
River Tees. I t i s subjected to considerable leve l s of pollution, 
both atmospheric from the s t e e l and petrochemical industries, and 
aquatic from i n d u s t r i a l discharges into the r i v e r . The beach i s 
broad and sandy, with two rocky scars supporting mussel beds. The 
more southerly of these was used in t h i s investigation, and an old 
breakwater served as a useful transect from High to Low water marks. 
2. Seal Sands ( F i g , l b ) 
This i s an area of mud f l a t s in the Tees estuary in process of 
reclamation. The pa r t i c u l a r s i t e for the c o l l e c t i o n of Nereis was 
between the Seaton channel and a small stream, the resulting reduction 
i n s a l i n i t y being a t t r a c t i v e to these animals. Possible sources of 
pollution on Teeside include industries such as battery manufacture, 
s t e e l and galvanizing works, and production of pigments for paints. 
3. Holy Island (F4ig>p?lQj> 
Fenham F l a t s and Holy Island Sands are t i d a l , and l i e to the 
North of Ross l i n k s , Northumberland, between Holy Island and the 
mainland. The substrate in the Northern part of the area, Holy Island 
Sands, i s mainly clean sand and firm sandy mud; Fenham F l a t s i s softer 
and more muddy. The four s i t e s A, B, C and D where Mytilus was 
collected are shown on the map ( F i g . 2 ) . A i s in the middle of the 
f l a t s , alongside M i l l Burn, a popular wildfowling area; B and C l i e 
one yard either side of the road bridge opened in 1957; D l i e s about 
ten yards downstream from t h i s bridge. 
The s i t e at which Nereis was collected i s also marked. I t l i e s 
close to the shore near the M i l l Burn and again i s in an area where 
wildfowling has been customary for many years. 
Possible sources of pollution here are domestic wastes, 
drainage from road surfaces and a g r i c u l t u r a l land and lead p e l l e t s 
from shotguns. Effluents from metal industries on the North East 
coast probably do not exert any major influence as far north as 
Holy Island. 
CHAPTER 1: 
Growth and Population Age Structure of Mytilus edulis 
Introduction 
The effect of environmental conditions on the Common Mussel 
Mytilus edulis may be measured by studying i t s growth. Sim i l a r l y 
the favourability of different l o c a l i t i e s may be inferred from 
comparisons of morpholpgical characters. Using growth curves of 
s h e l l length and Ring Number;: Seed (1968) was able to show that 
in M. edulis growth rate slows with increased age, and changes 
with habitat. He also demonstrated changes in s h e l l shape according 
to age and l o c a l i t y . 
To compare heavy metal contents of animals from different 
areas, i t may be necessary to choose specimens of different s i z e 
and weight i f the same age i s to be obtained. Thus i n addition to 
investigating differences in JJe'avy/Metal concentration in animals 
from s i t e s of rather different environmental conditions, morphological 
and s i z e - d i s t r i b u t i o n data were collected. 
Measurement of Growth 
Growth in molluscs may be measured either by an increase in 
dimensions, or by the number of Growth Rings on the s h e l l . Such rings 
are c h a r a c t e r i s t i c of many kinds of mollusc and are indicative of 
diminished or arrested growth during the winter, possibly depending 
on water temperature and abundance of foodstuffs. Mossop (1922) and 
Mateeva (1948) showed these rings to be annual in M. edulis, but Coe 
and Fox (1942) could find no correlation between numbers of rings 
and age in M. c a l i f o r n i c u s . Weymouth (1923) and Orton (1926) did 
not regard t h i s a good method for age determination in M. edulis since 
i t i s possible for several rings to be produced each year as a r e s u l t 
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of e r r a t i c seasonal changes in food and perhaps temperature. Seed 
(1968) found that i n a normal year 90% of the t o t a l annual growth 
occurred between A p r i l and September, re s u l t i n g i n one major growth 
ring each year. He does acknowledge however that detection of 
such rings may be d i f f i c u l t as a result of s h e l l erosion. 
In the present study, the growth rings were obscure, possibly 
because the animals were taken from exposed shores. Instead, an 
index of growth was chosen, based on s h e l l dimensions: the approximate 
area (2 x length x depth) of the s h e l l was thought to be a more 
accurate measure of growth than length above, since rates of increase 
of width and depth also change with age. Area i s more l i k e l y to 
be proportional to weight of s h e l l than length, i f s h e l l of the same 
thickness i s added each year. 
1.1 Size Distribution of animals at different s i t e s 
( i ) Seaton Carew 
Originally twelve t i d a l levels were sampled, these being evenly 
spaced along a transect between the Low Tide Mark ( s i t e 1) and the 
High Tide Mark ( s i t e 12). A l l the mussels within a randomly-chosen 
DEPTH 
LENGTH . WIDTH > 
area of the rock were collected to give a representative sample 
for that t i d a l l e v e l . The s i z e of the area sampled was chosen to 
give a s u f f i c i e n t l y large sample. Each animal was measured with 
Vernier c a l i p e r s whilst fresh, and the frequency di s t r i b u t i o n of 
s h e l l area was plotted for each s i t e , ( F i g . 2). Most s h e l l s were 
le s s than 1 cm2 in area. The accuracy with which these could be 
measured, counted and e f f e c t i v e l y collected was low. Thus further 
sampling was carried out, t h i s time from four t i d a l l e v e l s ; only 
mussels with s h e l l areas greater than 1 cm2 were collected, (Fig. 3 ) . 
When probability paper was used (Cassie 1954), no c l e a r c l a s s 
separation could be achieved for any of the population sampled at 
t i d a l l e v e l s 1-12 or a-d. 
Discussion 
The s i z e distributions at the twelve t i d a l l e v e l s o r i g i n a l l y 
chosen showed no marked differences. Changes i n s i z e d i s t r i b u t i o n 
up the shore may have been obscured by the uneven yearly s p a t f a l l 
and/or s u r v i v a l rate, t h i s being p a r t i c u l a r l y c h a r a c t e r i s t i c of 
polluted environments on the Durham and Northumberland coast (Jones 
1970). This i s one situation in which complete year cl a s s e s can 
be missing so that the s i z e c l a s s e s cannot be picked out on 
probability paper, nor the area index be related to age. 
As mentioned above, both numbers and measurements of s h e l l s 
l e s s than 1 cm2 in area were unreliable, and so in a further analysis 
wereJignored (Fig. 3 ) . S i t e a, at the Low Tide Mark, shows a peak 
for the smallest s i z e c l a s s measured (1-1.5 cm 2), the frequency 
f a l l i n g roughly exponentially to the larger s h e l l s i z e s . At the 
High Tide Mark ( s i t e d) the trend has changed, the numbers there being 
more evenly spread up to 3.5 cm2, with a peak at 2.5-3 cm2. The 
largest mussels, between 9 and 9.5 cm2 were found at s i t e b. 
Fig. 2 Distribution of mussels, according to area, at Seaton Carew 
s i t e s 1 (Low Water Mark) to 12 (High Water Mark). Each sample 
, comprises about 100 individuals, and-the frequency i s expressed 
S I T E i as a .percentage. 
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Fig. 3 Distribution of mussels (according to area index) at Seaton 
Carew s i t e s a (Low Water Mark) to d (High Water Mark). Each 
sample comprises about S I T E a 1^<"> ^ n t**viduals and the 
frequency i s expressed as a percentage. 
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Predators such as Asterias rubens, Carcinus maenas and 
Cancer pagurus are more abundant low i n the i n t e r t i d a l zone, t h i s 
being one factor which may account for the observed s i z e frequencies: 
fewer predators high on the beach would perhaps mean a more even 
di s t r i b u t i o n between the age c l a s s e s . Smaller animals would be more 
susceptible to dehydration or lack of food i f a s e r i e s of low tides 
f a i l e d to cover them, and t h i s too would select for the larger 
individuals at the High Tide Mark. Another factor which may be 
involved i s wave action, which i s les s severe at high t i d a l l e v e l s . 
( i i ) Holy Island 
A random sample of animalswwas collected from s i t e A, close to 
the low.-water l e v e l for neap tides. As before they were divided into 
s i z e c l a s s e s on the basis of an area estimate, and the r e s u l t s 
expressed in the form of a histogram ( F i g . 4 ) . The animals from t h i s 
s i t e were much larger, so the s i z e classes were correspondingly 
expanded to cover ranges of 2,5 instead of 0.5 cm2. Probability paper 
was used to separate sub-populations in the manner discussed by Cassie 
( 1 9 5 4 ) . In t h i s method, Percent Cumulative Frequency (PCF) i s 
plotted against the mid-point of each s i z e c l a s s , and points of 
i n f l e c t i o n in the resulting curve used to determine boundaries between 
sub-populations. A point of i n f l e c t i o n occurred at 41% PCF ( F i g . 5 ) 
implying that the smallest group comprises 41% of the population. 
Multiplication of each PCF value (x) below t h i s point of i n f l e c t i o n 
100 100 by and those between 41 and 100 by (x - 41) x (^QQ _ ^ ) 
resulted i n the straight l i n e s shown, these representing the two sub-
populations of the t o t a l . 
The mean for each i s found using the 50% PCF value from the 
straight l i n e s , and the Standard Deviation by subtracting the mean 
value from the s i z e at 84.13%. (Table 1 ) . 
F i g . 4 D i s t r i b u t i o n of mussels, ( a c c o r d i n g to area index) at Holy 
I s l a n d s i t e A, from a sample of 112 i n d i v i d u a l s . 
(The frequency i s expressed as a percentage). 
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Table 1: 
C h a r a c t e r i s t i c s of two sub-populations of M. e d u l i s a t Holy I s l a n d 
s i t e A 
S h e l l „ Standard a . _ . . , Mean . ^ . % of T o t a l a r e a ( c n r ) D e v i a t i o n 
Sub. population 1 0-15 0.2 4.1 41 
Sub. population 2 15-45 27.2 5.8 59 
D i s c u s s i o n 
T h i s random c o l l e c t i o n of mussels may t h e r e f o r e be separated 
i n t o two sub-populations r e p r e s e n t i n g d i f f e r e n t s i z e c l a s s e s . These 
may be t r e a t e d independently to i n d i c a t e morphological d i f f e r e n c e s 
between i n d i v i d u a l s of d i f f e r e n t s i z e (age) groups. 
P r o b a b i l i t y paper i s used to c a l c u l a t e the parameters only of 
normally d i s t r i b u t e d populations such as sub-population 2. S i n c e 
sub-population 1 i s c l e a r l y a t r u n c a t e d d i s t r i b u t i o n ( F i g . 4) the 
mean and Standard D e v i a t i o n a r e not r e l i a b l e e s t i m a t e s . The 
t r u n c a t i o n of the d i s t r i b u t i o n i n t h i s way may be a consequence of the 
p a t t e r n of s p a t f a l l . I f a prolonged p e r i o d of s p a t f a l l o ccurs s e v e r a l 
times a ye a r , the s m a l l e s t s i z e c l a s s e s w i l l be supplemented 
c o n t i n u a l l y w h i l s t fewer animals reach l a r g e r c l a s s e s . 
1.2 Changes i n s h e l l shape w i t h age 
Coe and Fox (1942) showed th a t i n M. c a l i f o r n i c u s the depth: 
length r a t i o decreased w i t h i n c r e a s i n g length and age, but width: 
depth i n c r e a s e d . F i e l d (1922) found that s h e l l proportions changed 
w i t h i n c r e a s e i n s i z e a l s o i n M. e d u l i s . More r e c e n t l y , Seed (1968) 
a l s o working w i t h M. e d u l i s , found r a t i o s of length:width and depth: 
width d e c r e a s i n g , w h i l s t length:depth i n c r e a s e d with i n c r e a s i n g s h e l l 
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length, i . e . as found p r e v i o u s l y i n M. c a l i f o r n i c u s . I n o l d e r 
mussels, i n c r e a s e i n width i s g r e a t e r than i n c r e a s e i n depth, so 
animals become p r o g r e s s i v e l y wider i n r e l a t i o n to t h e i r depth and 
length. S h e l l weight and volume a l s o continue to i n c r e a s e when 
i n c r e a s e i n length and depth has almost stopped. None of these 
s t u d i e s has considered changes i n weight of s o f t p a r t s w i t h age. 
Method and R e s u l t s 
Data from s i t e A on Holy I s l a n d lend themselves to a study of 
change i n s h e l l shape w i t h age, s i n c e p r o b a b i l i t y paper a n a l y s i s 
enables two sub-populations of d i f f e r e n t age groups to be separated 
from w i t h i n the randomly-collected population. R a t i o s of s h e l l 
dimensions were c a l c u l a t e d , and t h e i r means compared using the 
Student's T - t e s t , to give r e s u l t s as shown i n Table 2. 
Table 2; 
Comparison of r a t i o s of s h e l l dimensions i n M. e d u l i s from two sub-
populations at s i t e A on H o l y . I s l a n d 
R a t i o 
Younger 
Sub-population 1 
(Mean of 41 
s h e l l s ± S.E.) 
Older 
Sub-population 2 
(Mean of 59 
s h e l l s ± S.E.) 
% 
Change p values 
Length:width 2.46 ± 0.02 2.34 ± 0.02 -4.9 p<.001 
Depth:width 1.53 + 0.02 1.18 ± 0.01 -22.9 p<.001 
Length:depth 1.61 i 0.01 1.99 - 0.01 +23.6 p<.001 
D i s c u s s i o n 
The r a t i o s length:width and depth:width decrease s i g n i f i c a n t l y 
w i t h i n c r e a s i n g a r e a , and hence age, of mussel. The r a t i o length:depth 
i n c r e a s e s w i t h a r e a . T h i s i m p l i e s an i n c r e a s e of width, and to 
a l e s s e r extent length as the mussel becomes o l d e r , and agrees 
completely w i t h the r e s u l t s of Seed (1968). 
1.3 Changes i n S h e l l Dimensions w i t h L o c a l i t y or Habitat 
Some of the great v a r i e t y of s h e l l form i n the mussel may be 
i n t e r p r e t e d i n terms of environmental c o n d i t i o n s . Coe and Fox 
(1942, 1943) found t h a t M y t i l u s c a l i f o r n i c u s had deeper, l e s s wide, 
and t h i n n e r s h e l l s i n those c o l l e c t e d from the s h e l t e r of p i e r 
supports than those from exposed shores. Williamson (1907) had 
found mussels from wave-swept shores to be rounder and t h i c k e r , but 
not so deep as f a s t e r - g r o w i n g mussels. Seed (1968), i n examining the 
e f f e c t s of d e n s i t y on s h e l l shape by p h y s i c a l compression pointed out 
t h a t owing to t h e i r o r i e n t a t i o n i n the mussel beds, i n c r e a s e i n s h e l l 
depth would be more r e s t r i c t e d than i n c r e a s e i n length i n dense 
populations. He concluded, however, th a t d e n s i t y i s not the only 
important f a c t o r i n determining s h e l l form, which can be modified 
g r e a t l y by growth r a t e . 
T h i s study examines both s h e l l dimensions and weights of s h e l l 
and s o f t p a r t s according to l o c a l i t y and environment. 
Method 
Samples of mussels of approximately 25 cm2 i n a r e a (about 5 cm 
long) were taken from t h r e e s i t e s i n Seaton Carew: the neap t i d e 
Low and High Water Marks, and a s i t e i n t e r m e d i a t e between these two. 
Four s i t e s A, B, C, D on Holy I s l a n d ; A c l o s e to the Low Water Mark 
f o r Neap T i d e s , the s t r e s s at h a l f - t i d e . Three of them, B, C and D 
were surrounded by a flow of f r e s h to b r a c k i s h water at low t i d e , but 
the mussels were not submerged then. As before, s h e l l dimensions were 
measured w i t h v e r n i e r c a l i p e r s , and the dry weight of both s h e l l and 
s o f t p a r t s found a f t e r the animals had been d r i e d i n a vacuum oven at 
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TABLE 4: 
T - t e s t s to compare the morphology of M. e d u l i s from s i x of the s i t e s 
recorded i n Table 3. S t a t i s t i c a l l y s i g n i f i c a n t values of p are shown; 
ot h e r s are not s i g n i f i c a n t (NS). 
SL = Seaton LTM 
SH = Seaton HTM 
A, B, C, D = Holy I s l a n d S i t e s 
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50 C f o r 72 hours. Various r a t i o s were c a l c u l a t e d f o r purposes of 
comparison as shown i n Table 3. 
D i s c u s s i o n 
By using data from mussels of s i m i l a r l ength and a r e a , the aim 
was to e l i m i n a t e any v a r i a b i l i t y i n morphological r a t i o s w i t h age, 
and to look f o r d i f f e r e n c e s r e s u l t i n g from d i f f e r e n t environmental 
c o n d i t i o n s i n the seven s i t e s . However t h i s ignores the p o s s i b i l i t y 
of d i f f e r i n g growth r a t e s i n d i f f e r i n g c o n d i t i o n s , so that the 
mussels of the same length may not i n f a c t be of a s i m i l a r age. 
T h i s means that the r e s u l t s presented i n Table 3 cannot be i n t e r p r e t e d 
s o l e l y i n the l i g h t of environmental d i f f e r e n c e s . 
T - t e s t s on r a t i o s between the dimensions length, width and 
depth of s h e l l ( Table 4) show s i g n i f i c a n t d i f f e r e n c e s only i n the case 
of length:width which f o r the Low T i d e Mark at Seaton i s higher than 
a l l the Holy I s l a n d s i t e s . Such a high r e s u l t , according t o Coe and 
Fox (1942) i s c h a r a c t e r i s t i c of a s h e l t e r e d s i t e . 
The r a t i o weight of s h e l l : l e n g t h of s h e l l i s l a r g e r a t each of 
the four Holy I s l a n d s i t e s than at Seaton. S i n c e , as d i s c u s s e d above, 
t h e i r other dimensions a r e l a r g e l y s i m i l a r , t h i s i n d i c a t e s t h a t mussel 
s h e l l s a t L i n d i s f a r n e a r e t h i c k e r , o r p p o s s i b l y denser. More evidence 
f o r t h i s comes from the s h e l l nweight:area a l s o being l a r g e r a t each 
of the four Holy I s l a n d s i t e s than at Seaton. S i m i l a r l y the r a t i o s 
of the t h r e e l i n e a r dimensions at Seaton LTM, mid-tide and HTM do not 
d i f f e r s i g n i f i c a n t l y , so the higher s h e l l weight:length r a t i o f o r the 
two lower t i d a l l e v e l s i n d i c a t e s t h i c k e r s h e l l s t h e r e , although not as 
t h i c k as those at Holy I s l a n d . 
The r a t i o log s h e l l weight:log s h e l l length was a l s o c a l c u l a t e d 
s i n c e weight i s u n l i k e l y to depend l i n e a r l y on length, and so a 
s i g n i f i c a n t d i f f e r e n c e could be obtained between r a t i o s of weight:length 
14 
by using s l i g h t l y d i f f e r e n t s i z e c l a s s e s of i n d i v i d u a l s . T h i s log 
r a t i o confirms the s i g n i f i c a n t d i f f e r e n c e s between the Holy I s l a n d 
and Seaton Carew s i t e s . 
R a t i o s i n v o l v i n g dry weight of s o f t p a r t s show t h a t these 
a r e h e a v i e r both f o r a given s h e l l length, and f o r a given s h e l l 
weight on Holy I s l a n d . S i n c e t h e r e are a l r e a d y i n d i c a t i o n s t h a t 
Holy I s l a n d s h e l l s a re t h i c k e r , t h i s must mean the s o f t p a r t s are 
c o n s i d e r a b l y h e a v i e r . I n weight of s o f t p a r t s : s h e l l length, samples 
from d i f f e r e n t Holy I s l a n d s i t e s do not show any d i f f e r e n c e s ( a p a r t 
from A being higher than D at the 95% l e v e l ) , nor i s t h e r e any 
between the two Seaton s i t e s . 
The g e n e r a l c h a r a c t e r i s t i c s of mussels from Holy I s l a n d as 
d i s t i n c t from Seaton Carew are t h a t they grow to be l a r g e r , and so are 
e i t h e r o l d e r or f a s t e r - g r o w i n g ; t h e i r s h e l l s a r e t h i c k e r f o r a given 
l e n g t h or a r e a ; t h e i r s o f t p a r t s are h e a v i e r than those of mussels of 
a comparable s i z e from Seaton. The t h i c k e r s h e l l s might have been 
expected at a more exposed s i t e , to w i t h s t a n d harsh c o n d i t i o n s . T h i s 
agrees w i t h the point made e a r l i e r t h a t the length:width r a t i o at 
Seaton was c h a r a c t e r i s t i c of a more s h e l t e r e d s i t e . 
D i f f e r e n c e s i n s h e l l t h i c k n e s s could perhaps be a t t r i b u t e d to 
the proportion of Calcium i n i n g e s t e d p a r t i c l e s . C e r t a i n l y the a v a i l a b l e 
food w i l l a l s o d i f f e r between the two s i t e s : much of the d e t r i t u s at 
Seaton w i l l be o r g a n i c matter from sewage, w h i l s t t h a t at L i n d i s f a r n e 
w i l l be marine o r g a n i c d e t r i t u s . The s a l i n i t y of the water may a l s o 
a f f e c t the s h e l l t h i c k n e s s . Ingvarsson (1973) found s h e l l t h i c k n e s s 
i n Macoma b a l t h i c a was g r e a t e r at a marine than a b r a c k i s h s i t e . I n 
the present study too the s h e l l weight:area r a t i o i s lowest on Holy 
I s l a n d at s i t e A near M i l l Burn where s a l i n i t y w i l l be lowest. 
The main l i m i t a t i o n t o i n t e r p r e t a t i o n of these r e s u l t s i s t h a t 
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morphological v a r i a t i o n can, at l e a s t i n p a r t , be a t t r i b u t e d to age 
d i f f e r e n c e s i n mussels of a s i m i l a r s i z e as a r e s u l t of d i f f e r i n g 
r a t e s of growth. Seed (1968) found t h a t animals l i v e longer i n 
areas of slow growth, e.g. the high l i t t o r a l , as had S a v i l o v (1953). 
A l s o , s i n c e w i t h i n c r e a s i n g age, growth i n depth becomes p r o g r e s s i v e l y 
l e s s r e l a t i v e to i n c r e a s e i n length, mussels from a r e a s of slow 
growth w i l l have a c h a r a c t e r i s t i c morphology of wide dorsally-rounded 
s h e l l s . The o b s e r v a t i o n of Warren (1936) t h a t mussels p e r i o d i c a l l y 
exposed to a i r had t h i c k e r and h e a v i e r s h e l l s than mussels lower on 
the shore could a l s o then be e x p l a i n e d i n terms of age d i f f e r e n c e s , 
as could a l l the r e s u l t s above. Seed's i d e a i s t h a t an upper s i z e 
l i m i t i s imposed by environmental c o n d i t i o n s , s i n c e h i s t r a n s p l a n t a t i o n 
experiments show th a t a t r a n s f e r of very o l d animals to more 
favourable c o n d i t i o n s s t i m u l a t e s renewed l i n e a r growth. Fast-growing 
animals may a t t a i n t h e l i m i t imposed by environmental c o n d i t i o n s 
q u i c k l y , but i n a r e a s where growth i s slow, only a few very o l d 
animals may r e a c h t h a t l i m i t . 
F i g . 6 i s a s c a t t e r p l o t of depth a g a i n s t length f o r mussel s h e l l s 
of a range of s i z e s from two d i f f e r e n t l o c a t i o n s : one Seaton s i t e , and 
one Holy I s l a n d s i t e . T h i s shows c l e a r l y t h a t the dependence of s h e l l 
depth on length d i f f e r s i n the two h a b i t a t s . 
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CHAPTER 2: 
Heavy Metal A n a l y s i s 
Heavy metal a n a l y s i s was c a r r i e d out on: 
( i ) M y t i l u s e d u l i s from High and Low t i d e marks a t Seaton Carew, 
and from the four s i t e s at Holy I s l a n d marked on F i g . 2. 
( i i ) N e r e i s d i v e r s i c o l o r from s i t e s a t Holy I s l a n d and S e a l Sands, 
and from a number of t r a n s p l a n t a t i o n experiments. 
2.1 L e v e l s of contamination i n M y t i l u s e d u l i s 
( a ) Development of r e l i a b l e a n a l y t i c a l methods 
A wet-ashing technique was used (Shenton, unpublished) followed 
by Atomic Abs o r p t i o n a n a l y s i s f o r Lead and ? i n c . P r e l i m i n a r y i n v e s t i - / 
g a t i o n s of cadmium l e v e l s i n d i c a t e d very low c o n c e n t r a t i o n s , so f u r t h e r 
a n a l y s e s were not made. 
Mussels were washed, and any a t t a c h e d b a r n a c l e s or weed removed 
before a n a l y s i s . One sample of animals was t r e a t e d w i t h f i l t e r e d seawater 
fo r 48 hours before drying, to a l l o w them to empty the gut of any 
m e t a l - c o n t a i n i n g p a r t i c l e s . As w i l l ' b e shown l a t e r ( Table 5 ) , n e i t h e r 
Heavy Metal l e v e l s , nor the percentage by weight of the r e s i d u e from 
f i l t r a t i o n a f t e r a s h i n g d i f f e r e d s i g n i f i c a n t l y from those obtained from 
animals d r i e d without p r i o r treatment, and so t h i s was d i s c o n t i n u e d . 
(The animals were s t a r v e d w h i l e they emptied t h e i r guts but the r e d u c t i o n 
i n t i s s u e weight as a r e s u l t was probably very s l i g h t f o r l a r g e animals 
i n t h i s s h o r t time, so should not have a f f e c t e d t i s s u e c o n c e n t r a t i o n s 
of the m e t a l s ) . 
S o f t p a r t s were removed from the s h e l l s w h i l s t f r e s h , and both 
p a r t s of the animal d r i e d i n cones of aluminium f o i l i n a vacuum oven 
o 
at 50 C f o r 72 hours. Dried samples of about 0.5 g of t o t a l s o f t p a r t s 
of i n d i v i d u a l animals were weighed i n t o s i l i c a c r u c i b l e s and 1 ml 20% 
17 
A r i s t a r H-SO added. The c r u c i b l e s were heated w i t h t h e i r l i d s i n 2 4 
p o s i t i o n , and s t i r r e d o c c a s i o n a l l y w i t h a c l e a n g l a s s rod f o r 5-6 hours 
at 100°C u n t i l c h a r r e d . The l i d s were then removed and the temperature 
i n c r e a s e d f o r J hour to allow the sample to be reduced i n volume before 
h e a t i n g at 500°C i n a muffle furnace f o r 15-18 hours. 2 ml A r i s t a r 
HC1 were added to d i s s o l v e the c o l d ash as completely as p o s s i b l e , 
and the samples again heated f o r about an hour to f a c i l i t a t e t h i s 
p r o cess. Any r e s i d u e was then removed by f i l t r a t i o n through Whatman 
Number 1 paper i n t o 25 ml volumetric f l a s k s . The a d d i t i o n of 1 drop 
of thymol blue i n d i c a t o r allowed the pH to be a d j u s t e d , u s i n g 3N NH^OH 
and 3N HC'l a l s o added dropwise. The volume of the sample was then 
made up to e x a c t l y 25 ml wi t h d e i o n i s e d water and samples were s t o r e d 
i n the c o l d i n polythene b o t t l e s . B o t t l e s were washed w i t h 20% HNO 
before use, as was a l l glassware, and c o n t r o l s o l u t i o n s of HCl s t o r e d 
i n them showed no contamination. 
T r i a l volumes of a few mis of these s o l u t i o n s were prepared and 
read i n the Atomic Absorption Spectrophotometer (AAS) u n t i l a sample 
volume was found which gave a good s c a l e d e f l e c t i o n w i t h i n the range of 
c o n c e n t r a t i o n s which the machine had been a d j u s t e d to measure. Obviously 
t h i s volume d i f f e r e d between populations of mussels w i t h d i f f e r e n t l e v e l s 
of heavy metal contamination, and the range of c o n c e n t r a t i o n s f o r the 
standard curve was chosen i n order t h a t the volume used should be always 
l a r g e enough to be measured a c c u r a t e l y . For each reading, t h i s chosen 
volume of s o l u t i o n was p i p e t t e d i n t o volumetric f l a s k s , and a f t e r 
r e a d j u s t i n g the pH, was shaken w i t h 2 ml of a 10% s o l u t i o n of D i e t h y l a -
mmonium d i e t h y l d i t h i o c a r b a m a t e (DDDC) i n Methyl I s o - B u t y l Ketone (MIBK) 
f o r 50 sees to e x t r a c t the heavy metals i n t o the organ i c phase. D e i o n i s e d 
water was added to b r i n g the MIBK s o l u t i o n i n t o the neck of the f l a s k so 
th a t the organic phase could be a s p i r a t e d d i r e c t l y i n t o the AAS and a 
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reading taken. T h i s reading was converted to ppm of heavy metal 
u s i n g standard curves, and t h i s measured c o n c e n t r a t i o n a d j u s t e d 
a c c o r d i n g to sample volume, volume of MIBK used, and dry weight of 
s o f t p a r t s , to give ppm of metal i n the dry weight of s o f t p a r t s . 
The standard curves are p l o t s of AAS readings f o r v a r i o u s c o n c e n t r a t i o n s 
of l e a d and z i n c , prepared by d i l u t i o n from 1000 ppm s o l u t i o n s con-
t a i n i n g A n a l a r lead a c e t a t e Pb (CH^COO^ and A n a l a r z i n c s u l p hate 
ZriSO^.TH^O r e s p e c t i v e l y ( F i g s . 7 and 8 ) . Minimum l e v e l s of d e t e c t i o n 
are about 0.025 ppm z i n c i n MIBK (about 0.1 ppm dry weight of sample) 
and 0.2 ppm le a d (about 0.8 ppm dry weight of sample). 
Treatment of s h e l l samples by wet ashing w i t h H^SO^ y i e l d e d 
u n s a t i s f a c t o r y r e s u l t s , g i v i n g low recovery r a t e s f o r s h e l l s 'spiked' 
w i t h known amounts of heavy metals before a n a l y s i s (Williamson, 
unpublished). One problem involved was the formation of a l a r g e 
i n s o l u b l e r e s i d u e of c a l c i u m sulphate (from c a l c i u m i n the s h e l l ) which 
was d i f f i c u l t to wash thoroughly on f i l t r a t i o n . O x i d a t i o n w i t h HNO 
was t h e r e f o r e i n v e s t i g a t e d s i n c e c a l c i u m n i t r a t e i s s o l u b l e . S h e l l s were 
heated w i t h , according to t h e i r weight, e i t h e r 2 or 5 ml A r i s t a r 
c o ncentrated HNO u n t i l d i s s o l v e d . The s o l u t i o n was then evaporated o 
to dryness, and a f u r t h e r s m a l l volume of a c i d added. Heating and 
evaporation were then repeated u n t i l the dry r e s i d u e was white. T h i s 
was then d i s s o l v e d as completely as p o s s i b l e i n d i l u t e HC1 and a f t e r 
f i l t r a t i o n made up to 25 ml as before. Volumes of these s o l u t i o n s were 
e x t r a c t e d w i t h MIBK as d e s c r i b e d above. T h i s method gave good recovery 
percentages of known amounts of metal s a l t s added to the s h e l l s before 
treatment. 
(b) E s t a b l i s h i n g a meaningful sample s i z e / 
/ / 
S i n c e one o b j e c t of t h i s study was to compare Heavy Metal 
contamination of molluscs from p o l l u t e d and l e s s - p o l l u t e d s i t e s , i t was 
F i g . 9 Histograms to show th a t the percentage frequency d i s t r i b u t i o n of 
i n d i v i d u a l c o n c e n t r a t i o n s of Heavy Metals i n samples of 20 mussels 
approximates to the Normal D i s t r i b u t i o n . 
Seaton Carew s i t e s :'SL and SH 
Holy I s l a n d s i t e s : A, B, C, D 
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n e c e s s a r y to e s t a b l i s h a p p r o p r i a t e s i z e s f o r r e p r e s e n t a t i v e samples. 
The l a r g e s t animals found at Seaton Carew were chosen f o r i n d i v i d u a l 
a n a l y s i s . These had s h e l l a r e a s of approximately 20 cm2 and contained 
at l e a s t 0.25 g of s o f t p a r t s , enough to allow a c c u r a t e a n a l y s i s 
from a c o n s i d e r a t i o n of the lowest l e v e l s d e t e c t a b l e . S i n c e age 
d eterminations as d i s c u s s e d e a r l i e r , were u n s u c c e s s f u l , animals 
of the same s i z e were c o l l e c t e d from Holy I s l a n d f o r comparison, i n 
the hope of d e a l i n g w i t h the same age c l a s s , or at l e a s t s i m i l a r weights 
of body t i s s u e s . 
Heavy metal c o n c e n t r a t i o n s i n i n d i v i d u a l animals are p l o t t e d as 
frequency d i s t r i b u t i o n s f o r each sample of 20 ( F i g . 9 ) . Most histograms 
approximated to .Normal d i s t r i b u t i o n s , as would be expected when d e a l i n g 
w i t h a s i n g l e age c l a s s . Running,Mean values were a l s o p l o t t e d f o r 
samples of i n c r e a s i n g s i z e between 1 and 20 ( F i g s . 10 and 1 1 ) . Random 
Numbers were used to choose the i n d i v i d u a l measurements added s u c c e s s i v e l y 
to i n c r e a s e the sample s i z e by one. As shown, the i n s t a b i l i t y i n the 
mean value was reduced t o l e s s than ±5% i n samples of s i z e 15-20, so 
a sample s i z e of 20 was chosen f o r f u r t h e r i n v e s t i g a t i o n s . As w i l l be 
shown l a t e r ( T a b l e 5) the s i z e of Standard E r r o r s would recommend use 
of a l a r g e r sample s i z e , but u n f o r t u n a t e l y time was a l i m i t i n g f a c t o r 
i n t h i s study, and a l a r g e r sample s i z e was f o r f e i t e d so t h a t s e v e r a l 
s i t e s could be i n v e s t i g a t e d . An improvement i n e s t i m a t i o n of the t r u e 
p opulation mean can be made by i n c r e a s i n g the sample s i z e to 30. T h i s 
combines the samples of l a r g e f i l t e r e d and l a r g e u n f i l t e r e d mussels 
from the low T i d e Mark at Seaton Carew. Between these two groups, ho 
s t a t i s t i c a l d i f f e r e n c e i n metal c o n c e n t r a t i o n s could be found. 
I n comparisons between s i t e s , t - t e s t s g i v e reasonably r e l i a b l e 
e s t i m a t e s of the degree of s i g n i f i c a n c e of d i f f e r e n c e s , even f o r 
somewhat skewed d i s t r i b u t i o n s , so they have been used i n p r e f e r e n c e to 
non-parametric methods which a re l e s s powerful. 
I n d i v i d u a l a n a l y s e s of the s o f t p a r t s of ' l a r g e '.Janimals (about 
20 cm2 i n area) from each s i t e (Seaton Low T i d e Mark ( L ) and High 
Tice Mark (H) and Holy I s l a n d A, B, C, D) were c a r r i e d out. S i n c e 
age could not be c a l c u l a t e d , animals of approximately the same s h e l l 
s i z e were used i n s t e a d . Samples comprising the combined s o f t p a r t s 
of 20 'small' i n d i v i d u a l s (about 1 cm2 i n area) from one Seaton s i t e 
( L ) were analysed, as a l s o were ' l a r g e ' s h e l l s from each s i t e t h e r e , 
and a combined sample of the 'sm a l l ' s h e l l s . Sediments were ana l y s e d 
i n the same way as the t i s s u e samples, and water was analysed by 
shaking 25 ml w i t h 2 ml MIBK to read as before. 
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TABLE 6: 
T - t e s t s to compare Heavy Metal c o n c e n t r a t i o n s i n the t o t a l s o f t p a r t s ) 
of ' l a r g e ' mussels. S i g n i f i c a n t v alues of p are shown. 
SL SH A B C 
SL • . 
SH NS 
Zm 
A p<.001 p<.001 
B p<.001 p<.001 NS 
C p<.001 p<.001 NS NS 
D p<.001 p<.001 NS NS NS 
SL SH A B C 
SL 
SH NS 
Pb 
A p<.001 p<.001 
B p<.001 p<.001 .002<p<.01 
C p<.001 p<.001 .002<p<.01 NS 
D p<.001 p<.001 .02<p<.05 NS NS 
2.2 Heavy Metal A n a l y s i s of N e r e i s d i v e r s i c o l o r 
Method 
The procedure d e s c r i b e d e a r l i e r f o r the d r y i n g and wet-ashing 
of M. e d u l i s was used a l s o f o r N e r e i s s i n c e ragworms c o n t a i n l i t t l e 
c a lcium. Before drying, animals were kept f o r 48 hours i n c l e a n 
f i l t e r e d seawater and acid-washed sand to enable them to empty 
t h e i r g u t s . / (Bryan and Hummerstone 1973). T h i s length of time was 
chosen s o ' t h a t , although the gut would probably be c l e a r of metal-
c o n t a i n i n g p a r t i c l e s , s t a r v a t i o n would not have caused a severe l o s s 
of weight. 
For the t r a n s p l a n t a t i o n experiments, N e r e i s were c o l l e c t e d from 
near the M i l l Burn on Fenham f l a t s , L i n d i s f a r n e , and from S e a l Sands. 
o 
Animals could be kept a l i v e a t 15 C m j a r s w i t h l o o s e l y - f i t t i n g 
3 
l i d s , — f i l l e d w i t h mud, and covered w i t h a l a y e r of seawater. J a r s , 
each c o n t a i n i n g 10 animals, were maintained f o r one week. Mud and 
i n t e r s t i t i a l seawater from S e a l Sands or Holy I s l a n d were added i n 
each of the e i g h t p o s s i b l e combinations. 
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TABLE 8: 
Heavy Metal A n a l y s e s of Sediments and Seawater 
Zn ppm dry wt. Pb ppm dry wt. 
S e a l Sands mud 355 90 
Holy I s l a n d mud 30 20 
S e a l Sands H O 0.4 <0.016 
Holy I s l a n d II 0 <0.002 <0.016 
Seaton Carew H 20 0.19 <0.016 
TABLE 9: 
Heavy Metal A n a l y s i s of ffereis d i v e r s i c o l o r maintained on d i f f e r e n t 
s u b s t r a t e s 
S u b s t r a t e o r i g i n of animals 
No. of 
r e p l i c a t e s 
Zn 
ppm 
Pb 
ppm 
1+2 S e a l Sands mud S e a l Sands 6 94.77 
+ 8.8 
3.95 
± 1.5 
3+4 S e a l Sands mud Holy I s l a n d 6 63.37 
± 7.6 
1.89 
± 0.54 
5+6 Holy I s l a n d mud Holy I s l a n d 6 31.69 
± 1.8 
0.53 
+ 0.3 
TABLE 10; 
T - t e s t s showing s i g n i f i c a n t p va l u e s f o r d i f f e r e n c e s between z i n c 
and lead l e v e l s i n N e r e i s from Table 9. 
Zn Pb 
1+2 3+4 
1+2 
3+4 .02<p<.05 
5+6 p<.001 .002<p<.01 
1+2 3+4 
1+2 
3+4 NS 
5+6 .02<p<.05 NS 
TABLE 11: 
C o r r e l a t i o n s between lead and z i n c leads i n the s o f t p a r t s of ' l a r g e ' 
mussels from Seaton Carew. 
Low TideMark : 
Conce n t r a t i o n s of Zn and Pb r = 0.44 
T o t a l weight (jig) Zn and Pb r = 0.50 
High TideMark : 
Conce n t r a t i o n s of Zn and Pb r = 0.39 
T o t a l weight (yug) Zn and Pb r = 0.56 
(Fo r 18 degrees of freedom, a value of 0.45 i s s i g n i f i c a n t a t 95% l e v e l ) . 
DISCUSSION 
I t i s known th a t some marine molluscs concentrate the Heavy 
Metals from seawater e.g. Brooks & Rumsby (1965), Segar et a l ,(1971). 
The r e s u l t s from the present study support t h i s , s i n c e measured 
c o n c e n t r a t i o n s of z i n c and le a d exceed by four to f i v e orders of 
magnitude those to be found i n the c o a s t a l seawater of the B r i t i s h 
I s l e s as quoted by Bryan (1971) and Pre' n et__al< (1972). T h i s 
c h a r a c t e r i s t i c of Jleavy Metal accumulation i s not shared by T e l e o s t 
f i s h ( E u s t a c e 1974), so the\monitoring of commercial f i s h s p e c i e s 
would provide a much l e s s s e n s i t i v e index of p o l l u t i o n than would 
say the mussel. 
For a monitoring study, q u e s t i o n s a r i s e as to sample s i z e , 
animal s i z e and p o s i t i o n on the shore from which they should be 
c o l l e c t e d . S e t t i n g a s i d e the problems of ch o i c e of animal s i z e and 
l o c a t i o n , the s i z e of sample i s a b a s i c c o n s i d e r a t i o n . As e x p l a i n e d 
above, i n Hie present study, samples of 20 i n d i v i d u a l mussel s o f t p a r t s 
were used. T h i s r e s t r i c t e d the accuracy somewhat, s i n c e the Standard 
E r r o r s were of the order of 10% of the mean value (Table 5 ) . However, 
i n the l i m i t e d time a v a i l a b l e , i t was p r e f e r r e d to use s m a l l e r samples 
from a wider v a r i e t y of s i t e s . When the sample s i z e was i n c r e a s e d 
to 30 by combining the f i l t e r e d sample from Seaton Low Water Mark 
w i t h the 20 untreated animals from the same s i t e , the Standard E r r o r of 
the mean was reduced t o about 7% of the mean v a l u e . 
S i n c e age determination was d i f f i c u l t , animals of a s i m i l a r 
s i z e were chosen f o r comparison. The Heavy^Metals absorbed by My t i l u s S" 
must be de r i v e d almost e n t i r e l y from the water i n which they are 
immersed, by r e s p i r a t i o n or i n food. I t was hoped that s i n c e mussels 
a r e s e s s i l e , samples of animals from d i f f e r e n t t i d a l l e v e l s might show 
some d i f f e r e n c e s i n le a d or z i n c c o n c e n t r a t i o n , and hence give an 
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i n d i c a t i o n of the main source of contamination. The mean values of 
heavy metal c o n c e n t r a t i o n s found i n l a r g e mussels at high and low 
l i t t o r a l s i t e s at Seaton d i d not d i f f e r s i g n i f i c a n t l y , even when 
the sample s i z e f o r the low s i t e was i n c r e a s e d to 30. However, as 
w e l l as the mean z i n c l e v e l being c o n s i d e r a b l y higher, i f running 
means are<-plotted ( F i g s . 10 and IJ) these show th a t the z i n c l e v e l s at 
the high l i t t o r a l s i t e are c o n s i s t e n t l y higher than those f o r the 
lower one, w h i l s t f o r lead t h e r e appears to be no p a r t i c u l a r t r e n d . 
T h i s would p o s s i b l y i n d i c a t e e i t h e r d i f f e r e n t sources or d i f f e r e n t 
chemical form f o r the z i n c and l e a d contamination - only the z i n c 
depending on the t i d a l l e v e l , and hence period of immersion. F u r t h e r 
i n v e s t i g a t i o n would c e r t a i n l y be worthwhile u s i n g a l a r g e r sample 
s i z e to determine whether t h i s apparent 20% d i f f e r e n c e i n z i n c 
c o n c e n t r a t i o n w i t h t i d a l l e v e l i s a r e a l one. The knowledge th a t 
d i f f e r e n c e s of t h i s order can e x i s t between sampling s i t e s i s very 
important when monitoring a r e a s f o r p o l l u t i o n . 
When monitoring animals from d i f f e r e n t a r e a s , c a r e must be 
taken a l s o t h a t any d i f f e r e n c e s are not j u s t a r e s u l t of sampling 
d i f f e r e n t s i z e or age groups. I n a recent paper Mackay et a l (1975) 
have found evidence t h a t metal c o n c e n t r a t i o n s i n c u l t i v a t e d o y s t e r s 
decrease with i n c r e a s e d age and weight of the animal. My r e s u l t s , 
presented i n Table 5, show lower c o n c e n t r a t i o n s i n s m a l l than l a r g e 
mussels from the same t i d a l zone by a f a c t o r of 5 f o r z i n c and by 
a f a c t o r of 2 j f o r l e a d . There are two p o s s i b l e e x p l a n a t i o n s f o r 
d i f f e r i n g c o n c e n t r a t i o n s i n animals of d i f f e r e n t age: e i t h e r a dose 
of heavy metals may be d i l u t e d s t e a d i l y by t i s s u e growth, or a gradual 
accumulation takes p l a c e . I n e i t h e r c a s e the time f a c t o r i s of prime 
importance, although the opportunity to absorb contaminants may vary, 
fo r example from seawater at d i f f e r e n t t i d a l zones. I t would seem 
t h a t comparisons a r e needed p r i m a r i l y on an age or time-dependent b a s i s 
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r a t h e r than on one dependent on s i z e . From t h i s i t would be expected 
th a t w i t h i n a given s h e l l s i z e c l a s s , l a r g e r animals would have 
s m a l l e r c o n c e n t r a t i o n s than s m a l l animals, s i n c e d e s p i t e having had 
approximately the same time t o accumulate about the same amount of 
metal, t h i s would be d i l u t e d in,*a l a r g e r weight of s o f t p a r t s . The 
sample of 20 l a r g e mussels of one s i z e c l a s s from Seaton LTM may be 
d i v i d e d i n t o two groups of 10 according to weight of s o f t p a r t s . As 
shown i n Table 5, although the d i f f e r e n c e i s not s t a t i s t i c a l l y 
s i g n i f i c a n t , i t appears t h a t the group w i t h h e a v i e r bodies have lower 
c o n c e n t r a t i o n s of heavy metals. 
There i s some degree of c o r r e l a t i o n between z i n c and l e a d uptake 
i n animals of the same s i z e at the same t i d a l l e v e l , as i n d i c a t e d by 
the c o e f f i c i e n t s presented i n Table 11. C l e a r e r evidence f o r 
c o r r e l a t i o n i s found i n t o t a l heavy metal contents r a t h e r than i n 
c o n c e n t r a t i o n s , t h i s lending weight to the argument above th a t the 
c o n c e n t r a t i o n s found i n i n d i v i d u a l s w i t h i n a s i z e c l a s s depends on the 
p a r t i c u l a r weight of t h e i r s o f t p a r t s . 
The a n a l y s i s of s h e l l s was c a r r i e d out by HNO d i g e s t i o n on a 
few samples only, s i n c e t h i s method was t e s t e d only at a l a t e stage of 
the p r o j e c t . C o n c e n t r a t i o n s of heavy metals i n s h e l l s a r e only about 
$•-1% f o r z i n c , and 3% f o r l e a d , of those found i n the s o f t p a r t s . There 
i s no s i g n i f i c a n t change i n c o n c e n t r a t i o n of e i t h e r metal w i t h t i d a l 
l e v e l at Seaton. A n a l y s i s of s h e l l samples f o r the s m a l l animals 
shows both metals to be present at c o n c e n t r a t i o n s about e i g h t times 
g r e a t e r than i n the i n d i v i d u a l l y - a n a l y s e d l a r g e s h e l l s . These r e s u l t s 
f o r s h e l l s can be regarded as minimum v a l u e s , s i n c e on f i l t r a t i o n i t 
i s d i f f i c u l t to wash the r e s i d u e s u f f i c i e n t l y thoroughly to be s u r e 
t h a t a l l heavy metals are i n s o l u t i o n . Segar (1971) however found 
r a t h e r s i m i l a r v alues of 0.05% f o r z i n c and 4% f o r l e a d f o r c o n c e n t r a t i o n 
i n s h e l l s compared w i t h those i n t o t a l s o f t p a r t s , i n d i c a t i n g the 
method i s probably r e l i a b l e . 
The work by Mackay e t a l , ( 1 9 7 5 ) on the o y s t e r i s the only 
study of which I am aware i n which animals were analysed i n d i v i d u a l l y 
f o r comparative purposes. I t i s a severe l i m i t a t i o n of the present 
study t h a t heavy metal determinations had to be c a r r i e d out on samples 
of s i m i l a r l y - s i z e d animals, and not a p a r t i c u l a r age group as Mackay 
has done. T h i s i s because the length of time over which accumulation 
i s p o s s i b l e appears to be the important f a c t o r . S i n c e r a t e of growth 
has been found to d i f f e r w i t h environmental c o n d i t i o n s , a comparison 
of contamination may i n v o l v e choosing animals of d i f f e r e n t s i z e s to 
ob t a i n the same age c l a s s , and w i t h t h i s population, determination of 
age was u n s u c c e s s f u l . 
There i s no s i g n i f i c a n t d i f f e r e n c e between z i n c contamination 
of l a r g e mussels from each of the Holy I s l a n d s i t e s A, B, C, D, but 
animals from s i t e A have t w i c e as much lead per u n i t dry weight of 
s o f t p a r t s as the other t h r e e s i t e s . T h i s discrepancy between l e a d 
l e v e l s could be e x p l a i n e d i n terms of longer exposure as a r e s u l t of 
slower growth, or exposure to higher l e v e l s . S i t e A l i e s w i t h i n the 
w i l d f o w l i n g a r e a of Fenham F l a t s , so t h a t the accumulation of l e a d 
shot i n the sediments i s a p o s s i b l e cause f o r higher l e v e l s of 
contamination. S i t e s f o r mussel c o l l e c t i o n were chosen a d j a c e n t to the 
road bridge, s i n c e i t i s known t h a t l e a d from organo l e a d anti-knock 
compounds i n p e t r o l exhaust fumes contaminates organisms on roadside 
verges i n a manner dependent on d i s t a n c e from the road. (Quarles et a l 
1974). Animals from s i t e s B and C c l o s e to and e i t h e r s i d e of the road 
bridge show no d i f f e r e n c e i n t h e i r c o n c e n t r a t i o n s of e i t h e r l e a d or 
z i n c . S i t e D, being 10 yards away from the bridge may perhaps have 
been expected to have lower lead l e v e l s , but t h e r e i s no evidence t h a t 
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t h i s i s the c a s e . 
T a b l e s 5 and 6 show th a t the c o n c e n t r a t i o n s of z i n c i n the t o t a l 
s o f t p a r t s of M y t i l u s at Seaton are roughly s i x times as great as 
those at Holy I s l a n d , w h i l s t l e a d c o n c e n t r a t i o n s are as much as 
f i f t e e n times g r e a t e r . Table 6 shows th e s e d i f f e r e n c e s to be 
s t a t i s t i c a l l y s i g n i f i c a n t at the 99.9% l e v e l . Values at Seaton 
Carew are p a r t i c u l a r l y high, being t h r e e times g r e a t e r than r e s u l t s 
quoted f o r M. e d u l i s i n the I r i s h Sea (Segar et a l / 1971). As 
r *-\ 
d i s c u s s e d i n the previous chapter, M y t i l u s from Holy I s l a n d grow 
l a r g e r , have t h i c k e r s h e l l s , and h e a v i e r s o f t p a r t s than those at 
Seaton from e q u i v a l e n t t i d a l l e v e l s . T h i s of course may not be 
dependent on the degree of p o l l u t i o n , although the heavy metal 
a n a l y s e s show t h e r e to be s t r i k i n g l y l e s s contamination by both l e a d 
and z i n c at Holy I s l a n d . Mussels at Seaton do not reach the l a r g e 
s i z e s they do at Holy I s l a n d , and i t i s c e r t a i n l y tempting to seek 
some e x p l a n a t i o n f o r t h e i r s h o r t e r l i f e s p a n or slower growth i n the 
degree of p o l l u t i o n s u f f e r e d t h e r e , although other environmental 
f a c t o r s must not be discounted. 
I t i s p o s s i b l e t h a t M y t i l u s may r e g u l a t e the uptake of heavy 
metals, as N e r e i s has been reported to do f o r z i n c (Bryan and Hummerstone 
1973). The r e s u l t s have shown that z i n c , but not lead c o n c e n t r a t i o n s 
probably d i f f e r between the two Seaton s i t e s so p o s s i b l y l e a d i s 
r e g u l a t e d . One type of experiment which i n c r e a s e s our knowledge of 
heavy metal accumulation by molluscs i s t h a t c a r r i e d out i n the 
l a b o r a t o r y by keeping animals i n f i x e d c o n c e n t r a t i o n s of metal s a l t s , 
o f t e n r a d i o i s o t o p i c a l l y - l a b e l l e d . Such have been done w i t h l e a d s a l t s 
by Schutz-Baldes (1972, 1974) u s i n g M. e d u l i s . He found no r e g u l a t i o n , 
t h e r e being a constant r a t e of l e a d uptake l i n e a r l y dependent on the 
l e a d c o n c e n t r a t i o n of the medium. Rates of uptake and l o s s i n l a r g e 
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mussels were found to be l e s s than those i n s m a l l mussels. 
I n the case of N e r e i s , p o s i t i o n i n the l i t t o r a l zone should be 
l e s s important i n a f f e c t i n g contamination l e v e l s s i n c e these animals 
may move. Both the sediment i n which they burrow, and i t s i n t e r s t i t i a l 
water may provide a source of heavy metals. Thus i n the t r a n s p l a n t a t i o n 
experiments d e s c r i b e d above, each of these v a r i a b l e s was a l t e r e d . I t 
i s c l e a r from Table 7 t h a t both z i n c and l e a d c o n c e n t r a t i o n s are 
h i g h e s t i n N e r e i s from S e a l Sands maintained on t h e i r n a t i v e s u b s t r a t e , 
and w i t h e i t h e r type of i n t e r s t i t i a l water. A l s o t h a t the c o n c e n t r a t i o n s 
have i n c r e a s e d i n Holy I s l a n d N e r e i s t r a n s f e r r e d to S e a l Sands 
s u b s t r a t e . S i n c e only l i v e animals were used f o r a n a l y s i s , and the 
gut had been c l e a r e d , t h i s i n c r e a s e must be due to an uptake of heavy 
metals i n t o the body of the animal from the s u b s t r a t e over t h e period 
of a week. 
Unf o r t u n a t e l y only 3 r e p l i c a t e s were p o s s i b l e f o r each sample 
and so students T - t e s t s between experiments would not be meaningful. 
However, s i n c e the e f f e c t of the i n t e r s t i t i a l water i t s e l f appears to be 
s m a l l , probably depending l a r g e l y on d i s s o l u t i o n of metals from the 
mud, r e s u l t s f o r animals and mud of the same o r i g i n s have been 
combined i n T a b l e 9. The i n c r e a s e d sample s i z e enables T - t e s t s to be 
c a r r i e d out and r e v e a l s s i g n i f i c a n t d i f f e r e n c e s , shown i n T a b l e 10. 
The z i n c c o n c e n t r a t i o n d i f f e r s between a l l t h r e e s e t s of animals 
maintained d i f f e r e n t l y , but the l e a d only d i f f e r s s i g n i f i c a n t l y between 
S e a l Sands animals and Holy I s l a n d animals each kept on t h e i r n a t i v e 
s u b s t r a t e . 
The c o n c e n t r a t i o n s of z i n c found i n N e r e i s from Holy I s l a n d i s 
very s i m i l a r to t h a t found i n the sediment t h e r e , i n d i c a t i n g t h a t no 
r e g u l a t i o n i s t a k i n g p l a c e . However z i n c i n N e r e i s at S e a l Sands i s 
l e s s than t h a t i n the sediment t h e r e , so p o s s i b l y r e g u l a t i o n can t a k e 
p l a c e as reported by Bryan & Hummerstone (1973), but only comes i n t o 
o p e r a t i o n at higher contamination l e v e l s . Lead found i n N e r e i s 
at each s i t e i s very much l e s s than t h a t i n the sediment, so the 
p o s s i b i l i t y of r e g u l a t i o n of l e a d l e v e l s a l s o a r i s e s . 
As shown i n Table 7i;\ when S e a l Sands animals were t r a n s f e r r e d 
to Holy I s l a n d mud, they d i e d w i t h i n 48 hours. I t would be tempting 
to s p e c u l a t e t h a t N e r e i s had become adapted to the higher c o n c e n t r a t i o n 
of metals i n the S e a l Sands s u b s t r a t e ( T a b l e 8) and were unable to 
s u r v i v e i n the c l e a n e r s u b s t r a t e . (Bryan and Hummerstone 1971). 
However i t seems more l i k e l y here t h a t the r a t h e r c l a y e y mud from 
Holy I s l a n d was more anaerobic than the s a n d i e r medium from S e a l 
Sands to which they were used, and i t was t h i s which made them unable 
to s u r v i v e . 
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SUMMARY 
1. A r e l i a b l e a n a l y t i c a l method was developed f o r a d e t a i l e d 
comparison between heavy metal c o n c e n t r a t i o n s i n animals from 
p o l l u t e d s i t e s a t Seaton Carew and S e a l Sands, and much l e s s p o l l u t e d 
a r e a s on Holy I s l a n d . Atomic Absorption Spectrophotometric a n a l y s e s 
f o r l e a d and z i n c were c a r r i e d out on i n d i v i d u a l s o f t p a r t s and s h e l l s 
of M y t i l u s e d u l i s , and bodies of N e r e i s d i v e r s i c o l o r . Heavy metal 
l e v e l s i n mussel s o f t p a r t s were s i g n i f i c a n t l y lower at the Holy 
I s l a n d s i t e ; c o n c e n t r a t i o n s i n s h e l l s were very much lower than those 
i n s o f t p a r t s . 
2. Morphological c h a r a c t e r i s t i c s of M. e d u l i s were i n v e s t i g a t e d 
i n the hope of making a comparison of contamination l e v e l s on the 
b a s i s of age. S i n c e age determination was not p o s s i b l e , animals of 
\/ 
the same s i z e were used f o r comparison between s i t e s . 
A n a l y s i s of animals of d i f f e r e n t s i z e s from the same s i t e show 
s m a l l e r animals to have lower c o n c e n t r a t i o n s of both l e a d and z i n c 
i n the s o f t p a r t s , but higher c o n c e n t r a t i o n s i n the s h e l l s then 
have l a r g e animals. 
3. I n choosing sampling s i t e s , the i n f l u e n c e of i n t e r t i d a l zone was 
c o n s i d e r e d . Although t h e r e i s i n s u f f i c i e n t s t a t i s t i c a l support f o r 
t h i s , i t appears t h a t z i n c , but not l e a d , i s higher i n mussels from 
the higher region of the i n t e r t i d a l zone. T h i s could have c o n s i d e r a b l e 
s i g n i f i c a n c e i n s t u d i e s monitoring the d i f f e r e n c e i n contamination y 
between l o c a t i o n s , 
4. T r a n s p l a n t a t i o n experiments were c a r r i e d out w i t h N e r e i s d i v e r s i c o l o r 
of d i f f e r e n t o r i g i n s maintained on f o r e i g n s u b s t r a t e s . Holy I s l a n d 
N e r e i s have i n c r e a s e d z i n c c o n c e n t r a t i o n s when kept on S e a l Sands mud f o r 
a week. There i s some evidence f o r r e g u l a t i o n of both z i n c and l e a d 
i n N e r e i s . 
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